Chromogranin (CgA) has been shown to be an excellent marker for neuroendocrine tumours. There are now three commercial assays on the market. We wanted to compare the usefulness of the different kits in a clinical situation. We have thus measured CgA in 77 patients and compared the results from the different methods. CgA was measured with three different commercial kits according to the recommendations from the manufacturers (CGA-RIA CT; CIS bio international, Gif-sur-Yvette cedex, France, DAKO Chromogranin A ELISA kit; DAKO A/S, Glostrup, Denmark and CgA; EuroDiagnostica, Malmö, Sweden). The sensitivity and specificity differed between the different kits. The CIS kit showed a sensitivity of 67% and a specificity of 96%. The sensitivity and specificity were both 85% for the DAKO kit and 93% and 88% respectively for the EuroDiagnostica assay. We have concluded that CgA is an important tumour marker for all neuroendocrine tumours. However, different analytical properties of the respective kits give different performances, a fact that must be taken into consideration when comparing results from different clinical studies. A recognised international standard for CgA would be a step on the way to harmonisation, but antibody selection and construction of the assays will probably still influence the results.
Introduction
Chromogranin A (CgA) is an acidic glycoprotein with 439 amino acids and a molecular mass of 48 kDa, occurring in the secretory granules of most neuroendocrine cell types. CgA is released together with peptide hormones and neuropeptides upon stimulation. CgA is also released from neuroendocrine-derived tumours. Thus, CgA has been shown to be an excellent marker for neuroendocrine tumours and has been used as a tumour marker since the middle of the 1980s. Several assays for measurements of intact CgA and the different cleavage products have been developed and used both for research and for clinical purposes (for an overview of methods see Stridsberg 2000) . During recent years, an increasing appreciation of CgA has been noted and the number of CgA measurements is increasing. Also, the CgA analysis has become more accessible since there are now three commercial assays on the market.
The primary structure of human CgA contains 10 pairs of basic amino acids, which are potential cleavage sites for specific endogenous proteases, but also other sites in the molecule can be subjected to cleavage. Several CgA-related peptides have been identified in biological tissue from humans and other species (Laslop et al. 2000) . Different neuroendocrine cells can process CgA differently . Chromatographic separations of tissue extracts have shown that the extent of CgA processing appears to vary in different neuroendocrine tissues, with a more extensive cleavage of CgA in pancreatic islets than in the adrenals (Iacangelo & Eiden 1995) . Tumours can also release different molecular forms of CgA. Thus, CgA released from different neuroendocrine tumours can be expected to exist in different molecular forms. Due to the construction of the CgA assay, i.e. the antibody-binding epitopes, different methods can give different results.
The three commercially available CgA kits are somewhat different in composition, have different standardisation and use different antibodies. One of the methods uses monoclonal antibodies, while the other two use polyclonal antibodies. One uses enzyme detection (enzyme-linked immunosorbent assay; ELISA) and the other two are radioimmunoassays. Also, the assays use different sources of standards and express the results in three different ways (ng/ml, U/l and nmol/l). Thus it is likely that the results from the measurements in the different kits can differ substantially. We wanted to compare the usefulness of the different kits in a clinical situation. We have thus measured CgA in 77 patients and compared the results from the different methods.
Materials and Methods

Patients and blood samples
Patients were recruited consecutively from a national referral centre for neuroendocrine tumours. The first 77 patients arriving during the first 3 months of 2002 were enrolled in the study. CgA was measured with three commercial CgA assays (see below). The patients represented a variety of diagnoses, from known neuroendocrine tumours on different treatments to new cases submitted for investigation. The study was approved by the local ethical committee at the Uppsala University Hospital.
Sample collection and CgA methods
Blood was collected in chilled heparinised vacutainer tubes and centrifuged at 3000 g within 30 min. Plasma was frozen in aliquots and kept at -20 C before analysis in the different assays.
CgA was measured with three different commercial kits according to the recommendations from the manufacturers (CGA-RIA CT; CIS bio international, Gifsur-Yvette cedex, France, DAKO Chromogranin A ELISA kit; DAKO A/S, Glostrup, Denmark and CgA; EuroDiagnostica, Malmö, Sweden). Hereafter the kits are referred to as CIS, DAKO and ED respectively.
Statistics
Correlation between different assays was calculated from linear regression.
Results
Patients
This study comprised 77 patients, where 46 patients had clinically manifest neuroendocrine tumours, indicated by the presence of primary tumours or metastases that could be radiologically verified. Of these, 16 had endocrine pancreatic tumours, 14 had foregut carcinoid tumours, 11 had midgut carcinoid tumours, one had a hindgut carcinoid tumour and four had other tumours with neuroendocrine differentiation. In total, 31 patients lacked signs of neuroendocrine tumours. Of these, 17 patients had been operated upon with radical removal of primary tumours and/or metastases and are thus considered tumour free. Furthermore, 11 patients were referred for clinical evaluation but were considered free from tumours. Three patients had adrenocortical cancers. Thus, based on the clinical presentation, 46 patients had neuroendocrine tumours and were expected to show elevated levels of CgA and 31 patients were expected to have normal levels.
With the CIS kit, blood levels of CgA ranged from 20 to 1200 µg/l. In total, 42 patients had normal levels, i.e.
<99 µg/l, and 35 had elevated levels. Similarly, the range in the DAKO kit was 7·3 to 500 U/l, where 31 patients had normal levels, i.e. <19 U/l, and 46 had elevated levels. Levels of CgA in the ED kit ranged from 2·1 to 880 nmol/l, where 26 patients had normal levels, i.e. <4·1 nmol/l, and 51 had elevated levels. There was a significant correlation between the respective kits; however, the DAKO and ED kits showed closer correlation than the CIS kit ( Fig. 1 and Table 1 ).
Within the group of patients without neuroendocrine tumours there were some differences between the different CgA assays (Fig. 1) . Of the three patients with adrenocortical cancers all showed elevated CgA levels with the ED method, but only one had elevated levels in the other two kits. In the group of 28 patients without neuroendocrine tumours, there were two patients on long-standing treatment with proton-pump inhibitors (PPI), these had elevated levels of CgA in all methods. Since this treatment is known to cause falsely elevated plasma CgA, these patients were excluded from the calculations of sensitivity and specificity. Of the remaining 72 patients, only one had elevated levels of CgA with the CIS assay, but four had falsely elevated levels with the DAKO assay and three with the ED assay. Of these, one patient with a plasma sample contaminated with haemolysis had elevated CgA in the DAKO method, but not in the CIS and ED methods. None of the patients had signs of impaired renal function, which is also a known cause of elevated plasma CgA levels. Thus, the specificity of the different assays was 96%, 85% and 88% for the CIS, DAKO and ED kits respectively.
Of the patients with clinically manifest neuroendocrine tumours, the overall sensitivity of the different kits was 67%, 85% and 93% respectively for the CIS, DAKO and ED kits. Also, within the different neuroendocrine diagnostic groups, there were some differences between the different CgA assays ( Fig. 1 and Table 1 ). In the group of 16 patients with endocrine pancreatic tumours, 11 (69%) showed elevated levels of CgA in the CIS method, while 13 (81%) did in the DAKO and 14 (88%) in the ED methods. Similarly, with the 14 patients with foregut carcinoid tumours, only nine (64%) had elevated CgA levels with the CIS method, while 12 (86%) had elevated levels with the DAKO assay and 14 (100%) with the ED assay. Within the group of 11 patients with midgut carcinoid tumours, eight patients (73%) had elevated levels of CgA with the CIS assay and ten (91%) patients had elevated levels with the DAKO and ED assays. Two (50%) of the four patients with neuroendocrine differentiated tumours had elevated levels of CgA in the CIS assay, while three (75%) had elevated levels in the DAKO assay and all four (100%) had increased levels of CgA in the ED method. The sensitivity, specificity, positive predictive value and negative predictive value of the three assays are given in Table 2 .
Discussion
CgA has become the most important circulating tumour marker for neuroendocrine tumours (Nobels et al. 1997 , Bajetta et al. 1999 , Giovanella et al. 1999 , Franke et al. 2000 . CgA levels are increased in most patients with carcinoid tumours (foregut and midgut), endocrine pancreatic tumours of different syndromes, pheochromocytoma, neuroblastoma and small cell lung cancers (Nobels et al. 1998) . Several in-house methods for the determination of CgA have been presented previously (Stridsberg 2000) . Today, three commercial assays are available and these are compared in the present study. However, the lack of any international standardisation makes it difficult to compare results from the different CgA assays and thus compare clinical responses to various treatments, especially in multicentre-based clinical trials. In this study, we wanted to investigate the assays under clinical relevant conditions, i.e. not only measure CgA in patients with known neuroendocrine tumours, but also include patients that were under consideration for suspected tumours and patients that were not expected to have increased levels of CgA. Thus, 77 consecutively recruited patients from a national referral unit for neuroendocrine tumours were enrolled in the study.
The three commercial CgA kits differ in at least two aspects. First, the antibodies used in the CIS kit are monoclonal antibodies directed against the CgA amino acid sequences 145-197 and 198-245 . Since one of the Table 1 . antibodies is iodinated, this gives a sandwich radioimmunoassay, which can detect CgA molecules providing that both the antibody-binding sequences are present in the same molecule. The DAKO assay does not give full information on its construction, but it appears that the kit uses one or two polyclonal antibodies directed against CgA. Since one subset of antibodies is coupled to an enzyme (peroxidase), this approach gives a sandwich ELISA method. The ED method uses one polyclonal antibody directed against the CgA 116-439 amino acid sequence. In this assay the standard is iodinated, which gives a classical competitive radioimmunoassay. Secondly, all three assays use different standardisation. The CIS kit uses a recombinant human CgA produced in E. coli (Taupenot et al. 1995) , and the concentration is expressed in ng/ml. The DAKO assay, however, uses a 23 kDa C-terminal fragment of CgA. Apparently the true concentration of the molecule is unknown since the manufacturer expresses the results in units/l. On the other hand, the ED kit uses a CgA fraction purified from urine from patients with carcinoid tumours. In this case, the molecule is well characterised, covers the CgA amino acid sequence 116-439, and is expressed in nmol/l (Stridsberg et al. 1993) . Since all three assays use different sources of standards and are standardised differently, the comparison between the kits had to rely upon the respective reference interval given by the manufacturer.
It has previously, by biochemical separation methods, been shown that the rate of CgA processing can differ in different tissue. Thus, processing of CgA seems to be more extensive in endocrine pancreatic islet cells and in the small intestine as compared with endocrine cells in the adrenal medulla and neuronal cells (Curry et al. 1990 , Borglum Jensen et al. 1991 . A further processing diversity is likely to be found in different neuroendocrine tumours, which has been indicated by immunohistochemical findings . This different processing in tumour-derived CgA, in combination with the different constructions of the commercial kits, probably determines the different results demonstrated in the study.
The ED kit showed the highest sensitivity (93%). Considering the construction of the assay, this was expected. A competitive assay using polyclonal antibodies should have the ability to detect more antibody-binding epitopes than a non-competitive assay since the latter must have a defined CgA fragment, which can bind to both of its antibodies. This is not the situation for a competitive assay, which is likely to detect different molecular forms of CgA. Another factor that influences the sensitivity is the definition of the upper reference limit. For the CIS kit it seems that the reference limit is too high since the sensitivity is low (67%) but the specificity is high (96%) compared with the DAKO assay, which showed 85% sensitivity and specificity. However, the competitive ED assay showed both higher sensitivity (93%) and specificity (88%) than the non-competitive DAKO kit. This difference in the CgA assay measurements must be taken into consideration when comparing results from clinical studies. In one study, including 45 patients with pheochromocytoma, where CgA was measured with the DAKO assay, the diagnostic sensitivity was only 71% (Boomsma et al. 1995) . In a similar study of 50 patients with pheochromocytoma, where CgA was measured with a competitive assay, the sensitivity was 86% (Canale & Bravo 1994) . This is in line with another study, comprising 21 patients with pheochromocytoma, where CgA was measured with a competitive assay, giving a diagnostic sensitivity of 90% (Stridsberg & Husebye 1997 ).
There are three major causes for non-tumour-associated increases of plasma CgA, namely decreased renal function (Hsiao et al. 1990 , Stridsberg & Husebye 1997 , type A gastritis (Borch et al. 1997) and treatment with PPIs (Sanduleanu et al. 2001) . It is known that all these causes can give rise to substantial increases in CgA. Other causes mentioned are deteriorated liver function, increased activity in the sympathetic nervous system and inflammatory bowel disease. These, however, usually give only minor elevations of plasma CgA. Since all these causes are known factors that give increased levels of CgA, we excluded the patients that were on PPI treatments before calculating the specificity. One could argue that we should have included the patients on PPI treatments, but excluding them more closely resembles the everyday clinical situation. Furthermore, these patients had increased levels of CgA in all three assays, so our interpretation of the results was not influenced.
Adrenocortical cancer is not considered to be a neuroendocrine disease, but in this study one of three patients had increased levels of CgA with the CIS and DAKO kits, while all three had elevated levels in the ED kit. It has previously been shown that corticosteroids can up-regulate the expression of CgA mRNA, which gives an increased production of CgA (Rozansky et al. 1994) . The anatomical distribution of blood vessels in the adrenals makes the venous outflow from the cortical region run through the adrenal medulla. One can thus expect increased production of corticosteroids from an adrenocortical cancer to give rise to extremely high levels of corticosteroids locally in the adrenal medulla which, in turn, could stimulate increased production of CgA. Based on this assumption, we also excluded the patients with adrenocortical cancers before calculating the specificity for the CgA kits. Instead, perhaps plasma CgA could also be a useful marker for adrenocortical cancers, albeit these tumours do not themselves express CgA.
We have concluded that CgA is an important tumour marker for all neuroendocrine tumours. However, different analytical methods give different results, which must be taken into consideration when comparing results from different clinical studies. A recognised international standard for CgA would be a step towards harmonisation, but antibody selection and construction of the assays will probably still influence the results.
